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In North Dakota, South Dakota, and Min-
nesota, blackbirds (Icterinae) cause extensive
damage to ripening sunflower (Hothem et al.
1988). In some cases, lethal control is being
considered to reduce roosting blackbird pop-
ulations using cattail (Typha spp.) marshes lo-
cated near sunflower fields (Linz et al. 1988,
Cummings and Schafer 1989). The use of her-
bicides for eliminating blackbird roosting and
nesting habitat is another method being con-
sidered for reducing the impact of blackbirds
on sunflower (Linz and Bergman 1991). The
nontarget hazards associated with pesticide ap-
plications in and adjacent to marshes are a
concern and must be monitored (Grue et al.
1986). Therefore, reliable estimates of target
and nontarget animal mortality must be ob-
tained to evaluate the effects of pesticide ap-
plications.

Two factors that may affect the accuracy of
mortality estimates are the number of carcasses
removed by scavengers (Balcomb 1986, Fite
et al. 1988, Heisterberg et al. 1990) and the
ability of searchers to find small carcasses (Fite
et al. 1988). Some researchers have placed car-
casses in marshes to estimate the level of scav-
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enging activity (Avery 1974, Heijnis 1976,
Avery etal. 1978, Meyer 1978, James and Haak
1979, Cassel et al. 1979, Beaulaurier 1981,
Faanes 1987). Heijnis (1976), Cassel et al
(1979), and James and Haak (1979) obtained
an index of searcher ability to find carcasses
in wetlands. However, to our knowledge, no
systematic studies of searcher efficiency and
carcass removal by scavengers in cattail marsh-
es have been conducted.

During August and September 1987, we
placed intact bird carcasses in cattail marshes
in Benson and Pierce counties, North Dakota
to (1) estimate carcass longevity, (2) determine
the effects of carcass density on carcass lon-
gevity, (3) determine if longevity of carcasses
is dependent on water depth, and (4) provide
an estimate of the ability of searchers to find
bird carcasses in cattail marshes.

STUDY AREA AND METHODS

The study is located in the prairie pothole region of
North Dakota (Stewart 1975). The numerous marshes
scattered throughout this region are surrounded by farm
land. One permanent (Class V) and 7 semipermanent
marshes (Class IV) were used to study carcass longevity
(classification of Stewart and Kantrud 1971). One of
these semipermanent marshes and 1 other semiper-
manent marsh were used for the search efficiency trials.
Seven of the semipermanent marshes and the perma-
nent marsh had open water interspersed with emergent
vegetation. The remaining semipermanent marsh was
covered by a dense stand of cattails.
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Carcass Longevity

In 4 marshes, designated as low carcass density
marshes, 15 freshly killed or previously frozen and
thawed blackbird carcasses (largely red-winged black-
bird, Agelaius phoeniceus) were placed randomly in
vegetation along the marsh edge. In 4 other marshes,
designated as high carcass density marshes, 5 carcasses
were randomly dropped in the vegetation within each
of 152 x 5 m plots (plots >30 m apart). A wooden
stake was placed about 30 ¢cm from each bird in all
marshes. The depth of water under each carcass was
measured to the nearest 3 cm. Starting the following
day (day 1), each carcass was checked daily for 6 (1
marsh) or 7 consecutive days or until it disappeared.
Carcasses were recorded as intact, partially scavenged,
or removed without a trace.

We analyzed the data for removal time, which is
defined as that time between placement to complete
removal of the carcass. Removal time is an important
variable in assessing the potential nontarget secondary
hazards from a pesticide treatment (Balcomb 1983) and
must be considered when estimating mortality of target
and nontarget species (Fite et al. 1988).

We analyzed removal of carcasses by the product-
limit life table method (Kaplan and Meier 1958) using
the LIFETEST procedure in the SAS program package
(SAS Inst. Inc. 1988). The resulting curves were com-
pared using a Wilcoxon test modified for censoring by
Breslow (1970). For the purposes of these analyses, a
censored carcass was any carcass still in the marsh after
the study was completed. Because water depth may
hinder scavenging activity, and therefore may influ-
ence removal time, we grouped each marsh into 1 of
3 categories based on mean water depth: <15 cm, >15
<30 ¢m, and >30 ¢m. Next, we analyzed carcass lon-
gevity in high carcass density marshes and low carcass
density marshes for a given water depth.

Searcher Efficiency

In 2 marshes we placed 52 x 5 m plots at uniform
intervals along each of 16 transects placed in dense
vegetation. In 1 subgroup of 8 transects within each
marsh, we randomly distributed 40 male and 40 female
red-winged blackbird carcasses within the 40 plots
(range = 1-4). We allocated 160 male and 160 female
carcasses to the other subgroup of 8 transects, placing
an average of 8 (range = 2-15) carcasses in each plot.

Four searchers, all with unimpaired vision, con-
ducted all the searches. All searchers had previous ex-
perience in searching for dead animals in dense veg-
etation. Before the 4 trials, the searchers were randomly
assigned 2 adjacent transects (10 plots). Results from
these 10 plots were pooled to produce the basic unit
of response; i.e., percentage of males and females found.
After searching these 2 transects, the searchers moved
to the next 2 adjacent transects and searched. Searchers
were informed that carcasses were placed in at least 1

plot but were not told carcass density or distribution.
Searchers left all carcasses in their original location.

Randomized block analysis of variance (ANOVA),
with marshes as blocks, was used to test the hypothesis
that average arcsin-transformed percentages found were
equal in low and high density transect pairs. A 3-way
ANOVA, with trials and searchers as independent fac-
tors and sex as a repeated measure, was also performed
to test for differences in transformed percentages of
carcasses found.

RESULTS
Carcass Longevity

Removal curves differed between carcass
densities (x* = 5.93, 1 df, P = 0.015) (Fig. 1A).
Twenty-four hours after placement, 90% (SD
= 15%) of the carcasses remained in the high
carcass density marshes, whereas 97% (SD =
8%) of the carcasses persisted in the low carcass
density marshes. By the end of the 7-day mon-
itoring period, 47% (SD = 29%) of the carcasses
remained in the high carcass density marshes,
while 62% (SD = 24%) remained in the low
carcass density marshes.

Depth of water influenced removal time (x?2
= 41.57, 2 df, P < 0.001) over all sites (Fig.
1B). In the high carcass density marshes, re-
moval time differed among depth categories
(x? = 57.08, 2 df, P < 0.001), whereas in the
low carcass density marshes (depths <15 and
>30 cm only) the removal curves did not differ
(x2 = 0.20, 1 df, P = 0.654).

Through 7 days the same percentages of
carcasses persisted in the high carcass density
marshes and low carcass density marshes with
>30 cm of water (x2 = 0.95, 1 df, P = 0.329;
Fig. 1C), averaging 68% (SD = 16%) on day
7. In marshes with water =15 em (Fig. 1D),
carcass removal times differed between high
carcass density marshes and low carcass den-
sity marshes (x = 20.55, 1 df, P < 0.001).
After 7 days in these marshes, 20% (SD = 40%)
of the carcasses remained in the high carcass
density marshes and 60% (SD = 35%) of the
carcasses remained in the low carcass density
marshes,
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Searcher Efficiency

Percentages of carcasses found in high and
low density transects did not differ (F = 2.15;
df = 1,12; P = 0.168), averaging 84% (SD =
9%) and 78% (SD = 13%), respectively. There
was no difference among trials (F = 1.18; df
= 3,9; P = 0.370) or searchers (F = 1.34; df
= 3,9; P = 0.321). Searchers did find a larger
percentage of males (£ = 83%, SD = 10%) than
females (¥ = 78%, SD = 12%) (F = 4.62; df =
1,9; P = 0.060). However, the percentage of
males discovered fluctuated among trials with-
out any obvious trend, while searcher efficien-
cy for females steadily increased over time,
from a low of 64% (SD = 5%) in trial 1 to 88%
(SD = 7%) in trial 4. This difference in search
efficiency over time was reflected in a signif-
icant sex by trial interaction (F = 12.45, df =
3,9; P < 0.001). Overall, searchers found 81%
(SD = 11%) of the carcasses in the experiment.

DISCUSSION
Carcass Longevity

Our data show that, regardless of carcass
density, scavenging was substantial and vari-
able in North Dakota cattail marshes. As evi-
denced by tracks, various mammals fed on the
carcasses. While avian predators may have
found some of our blackbird carcasses, they
are more likely to find debilitated birds that
are often associated with pesticide poisoning
(Bruggers et al. 1989).

As expected, scavengers foraging around the
marshes found the carcasses placed in shallow
water more often than those placed in deep
water. Deep water probably hindered scav-
enging, thereby extending carcass longevity.
These data indicate that depth of water in
marshes should be considered when assessing
scavenging rates.

Initially, scavengers removed carcasses rap-
idly from the high carcass density marshes,
whereas scavenging in the low carcass density
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Fig. 1. Product-limit survival curves plotting per-

centage of red-winged blackbird carcasses remaining
in cattail marshes versus time (days) for (A) low carcass
density marshes (LCDM, 15 carcasses) and high carcass
density marshes (HCDM, 75 carcasses); (B) among
LCDM and HCDM in 3 water depth categories; (C)
between LCDM and HCDM with >30 cm water depth;
and (D) LCDM and HCDM marshes with <15 c¢m
water depth.
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marshes was slower and more uniform
throughout the monitoring period. The
clumped carcasses in the high carcass density
marshes probably served as a strong attractant
for scavengers which in turn contributed to
initial rapid scavenging (Heijnis 1976).

We recognize that mammals may have fol-
lowed our trail to the carcasses placed in shal-
low water. On the other hand, trap-shy pred-
ators may avoid a carcass tainted with human
scent. This problem is an inherent part of car-
cass searches, especially where the same areas
must be searched repeatedly. Because scav-
enging differs among marshes, an index of
scavenging activity should be obtained for each
treated marsh. We suggest that, immediately
before the pesticide is applied, a known num-
ber of carcasses be placed and marked in the
marsh. The number of removed carcasses can
be used to estimate scavenging rates. The
searches need to be conducted within 24 hours
unless the nature of the pesticide used pre-
cludes early entry into the marsh.

While placing many dead animals in a marsh
may attract scavengers to the marsh, at some
carcass density the scavengers will be satiated
and scavenging will level off or temporarily
stop (Fite et al. 1988). Thus, the number of
carcasses used to determine rate of scavenging
should be guided by the expected number of
dead animals. That is, the larger the antici-
pated mortality, the more carcasses needed to
assess scavenging. In dense habitat, such as cat-
tail marshes, avian predation or scavenging may
be negligible. Thus, the information obtained
from carcass disappearance studies will indi-
cate mammal scavenging.

Carcass Searches

Our data indicate that in dense cattail stands
experienced searchers will find an average of
81% of fresh red-winged blackbird carcasses
placed in delineated plots. Male redwings are
larger and have more brightly colored epaulets
than females. Thus, it was not surprising that

our searchers found more males than females.
We expect that fewer carcasses would be found
as distinguishing features of the birds (e.g,,
color) begin to disappear during decomposi-
tion.

Other studies indicate that morphological
characteristics of the carcasses and habitat
characteristics are important factors affecting
the success of searchers. For example, James
and Haak (1979) reported that searchers re-
covered 80% of the rock doves (Columba livia)
and European starlings (Sturnus vulgaris) while
finding only 30% of the smaller house sparrows
(Passer domesticus) in wetland habitat. Cassel
et al. (1979) and Tobin and Dolbeer (1990)
found 64% of the house sparrows and 75% of
the brown-headed cowbirds (Molothrus ater),
respectively, placed in various upland loca-
tions.

Heijnis (1976) found that untrained search-
ers missed 28-38% more carcasses than expe-
rienced searchers. In our study, searcher pro-
ficiency in finding females increased with each
succeeding trial, suggesting that practice im-
proved their searching skills. On the other hand,
it is puzzling that the percentage of males found
did not increase with practice.

CONCLUSIONS

Bird carcasses were placed in 8 cattail
marshes in North Dakota to estimate their lon-
gevity. We found that scavenging activity dif-
fers among marshes and is influenced by car-
cass density and depth of water under the
carcasses. Thus, an index of scavenging activity
should be obtained for each test site by placing
carcasses throughout the marsh. If possible,
daily searches for dead animals should be con-
ducted to ensure reliable estimates of mortal-
ity.

The ability of searchers to find bird carcasses
was also assessed. We conclude that searchers
should practice looking for carcasses morpho-
logically similar to those expected to be im-
pacted. These practice searches should be con-
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ducted in habitat similar to the proposed study
site. A search efficiency index should be cal-
culated for each searcher and mortality data
adjusted to reflect differences in ability to find
carcasses.
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